A Western blot immunoassay (WBI) was developed as a confirmatory test for 2 commercial Mycoplasma hyopneumoniae (Mhyo) ELISAs. The WBI detected at least 5 antigen bands (150, 130, 74, 70, and 30 kDa) from Mhyo whole membrane proteins that were not present in the antigens prepared from M. hyorhinis and M. hyosynoviae. Among discrepant sera from vaccinated pigs (n 5 17) and field samples (n 5 91) assayed by WBI: 1) 2 of the ELISA-positive samples reacted with all 5 antigens bands; 2) all blocking ELISApositive samples (n 5 53) bound 150-, 130-, 74-, and 70-kD antigen bands; and 3) all indirect ELISA-positive samples (n 5 55) bound 150-, 130-, and 30-kD antigens. We conclude that the WBI targeting the top 4 antigen bands is a useful confirmatory test for samples initially screened using the commercial Mhyo ELISAs.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Respiratory tract disease caused by Mycoplasma hyopneumoniae (Mhyo) is of great economic importance to the swine industry worldwide. 14 Mycoplasmal pneumonia is a chronic disease with high morbidity and low mortality. Infection is common. It has been reported that 25% of pigs have antibodies to Mhyo by 10 to 12 weeks of age, and about 90% of pigs are seropositive at the time of slaughter. 19 The principal clinical sign of Mhyo infection is coughing, but it may not be observed in all affected pigs. 9, 14 Severe pneumonia may develop in pigs with mixed infections with respiratory pathogens such as Pasteurella multocida, Actinobacillus pleuropneumoniae, Haemophilus parasuis, porcine reproductive and respiratory syndrome virus, and swine influenza virus. 14, 17, 18 Microbiological isolation by culture from the lungs confirms a presumptive diagnosis. 8 Culture is considered the ''gold standard,'' with which all other tests are compared, but it is technically challenging and time consuming. Several other assays have been developed for detection of Mhyo, including the direct immunofluorescence test, 3, 11 DNA probes, 1, 2, 13 and polymerase chain reaction (PCR) analysis. 13, 16 Serologic assays are the principal antemortem diagnostic test and are the mainstay of Mhyo monitoring or surveillance programs. Traditional serologic assays for detection of antibodies to Mhyo include the complement-fixation test (CFT), agglutination, indirect hemagglutination (IHA), and enzyme-linked immunosorbent assays (ELISA). An ELISA is routinely used for detecting antibodies to Mhyo because it is generally more sensitive than other assays, is compatible with high-volume testing, and antibodies can be detected for more than 1 year after exposure. 5, 6 An indirect ELISA a (I-ELISA) and a blocking ELISA b (B-ELISA) based on a monoclonal antibody to the 74-kDa Mhyo antigen are currently available commercially. Discordant results between the 2 aforementioned ELISAs may be observed in the course of conducting routine serologic testing. To resolve such conflicting results, we developed a Western blot immunoassay (WBI) as a confirmatory test for the presence of serum antibodies to Mhyo.
To develop the WBI, mycoplasmal antigens were produced, using a described procedure, 12 by culturing M. hyopneumoniae (strain 91-3), M. hyorhinis, and M. hyosynoviai in a medium developed by Friis. 8 Briefly, mycoplasmas were cultured in Friis mycoplasmal medium. The cultures were incubated in a water bath shaker at 37uC for 48 hours. The number of mycoplasmas was estimated by determination of color-changing units. Mycoplasmas were harvested by centrifugation at 15,000 3 g for 30 minutes, and the pellets were collected and washed 3 times with 50 ml of phosphate-buffered saline (PBS; 0.01 M, pH 7.2), followed by centrifugation at 15,000 3 g for 15 minutes. The final pellets were dispersed in PBS through a 27-gauge needle. The protein concentration was determined by use of the BCA protein assay, c and the final mycoplasmal concentration in PBS was adjusted to 2 mg of protein/ml. Mycoplasmal preparations were treated in Laemmli sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) reducing buffer 10 to release the whole antigen. Ten micrograms of the antigen per lane was loaded on the SDS-PAGE apparatus according the method of Laemmli, 10 with a 10% separating gel and a 4% stacking gel. The WBI procedure was performed as described, 20 with the following modifications. The separated proteins were transferred to a polyvinylidene difluoride (PVDF) membrane. c The WBI was carried out under the following conditions at room temperature. The PVDF membrane was blocked with 1% (w/v) bovine serum albumin (BSA; approx. 99%; c-globulin free) d for 1 hour. After washing 3 times with PBS-T, the membrane was allowed to react for 1 hour with individual serum samples diluted 1:40 in 1% BSA in PBS-T. The membrane was then washed with PBS-T 3 times for 5 minutes each, and horseradish peroxidase (HRP)-conjugated goat antiswine IgG (H + L) e diluted 1:1,000 in PBS-T was used to detect the serum antibodies that had bound to the antigens. After incubation for 1 hour, the membranes were washed as before, then each was washed again twice for 5 minutes with PBS (pH 7.2) to remove the detergent. The 3,39-diaminobenzidine tetra-hydrochloride liquid substrate system d was used to develop the color reaction.
Negative-and positive-control sera were obtained at postinoculation day (PID) 0 and 28, respectively, from a pig experimentally infected with Mhyo strain 232, as described 18 ; the negative and positive statuses were confirmed by results of both ELISAs. The WBI detected 5 antigen bands prepared from Mhyo whole-membrane proteins with molecular mass of 150, 130, 74, 70 and 30 kD. As shown in Fig. 1 , all 5 antigen bands were detected by the positivecontrol swine serum (lane 2), but not by the negativecontrol swine serum (lane 3). The specificity of the reactions with the 70-to 74-kD antigens was confirmed using the monoclonal antibody to Mhyo 74KDa protein epitope included in the B-ELISA reagents.
In comparing the performance of the 2 Mhyo ELISAs, we previously reported the discordant results for 17 samples from vaccinated pigs and 91 samples from the field. 4 Fifteen of 17 B-ELISA-positive samples from the vaccinated pigs reacted with all 5 antigen bands. Two I-ELISA-positive samples did not react with the 70-and 74-kD antigens, but reacted with other 3 antigen bands (Table 1) . One sample collected on PID 28, which was negative by use of both ELISAs, did not react with any of the 5 antigen bands (data not shown).
When the field samples were assayed by the WBI, 55 of 56 samples that were positive by both ELISAs reacted with all 5 antigen bands, whereas 57 of 58 samples that were negative by both ELISAs did not react with these 5 antigens (Table 2 ). From 91 discrepant field samples, the WBI results indicated that 30 of 38 B-ELISA-positive and I-ELISA-negative samples reacted with all 5 bands, whereas 8 of them did not react with the 30-kD antigen. In contrast, all 53 I-ELISA-positive and B-ELISAnegative samples reacted with 150-, 130-, and 30-kD antigens, whereas only 1 of them reacted with 74-and 70-kD antigens. These results indicated that serum antibodies from Mhyo-vaccinated pigs and from field samples reacted predominantly to Mhyo antigens with molecular mass of 150, 130, 74 and 70 kD.
To rule out any cross-reaction between Mhyo and other important pathogenic swine mycoplasmas, we included the M. hyorhinis and M. hyosynoviae antigens in the WBI as negative controls by testing ELISA-positive samples from vaccinated pigs and field samples. The results indicated that 50 samples reacted with 5 antigen bands from M. hyopneumoniae that were not present in M. hyorhinis or M. hyosynoviae antigens. A representative result of the reactivity of 1 positive serum sample with these antigens is shown in Fig. 2 . The presence of species-specific and cross-reactive antigens between Mhyo and M. flocculare, a nonpathogenic pig Mycoplasma species, has been described. 6, 15 Crossreactive antigens hads been detected in M. flocculare with molecular mass of 43, 55, and 78 kD by WBI using anti-Mhyo sera. 15 However, it has been reported that pigs infected with M. flocculare do not develop antibodies that cross-react with the epitope on a Mhyo 74-kD protein. 7 Since the aim of the study reported here was to develop a WBI using Mhyo whole-cell antigens to confirm the presence of antibodies against Mhyo in pig serum, M. flocculare antigens were not used. To determine the specificity of WBI, we tested available 5, 7, and 6 sera that were from field samples determined positive against M. hyorhinis, M. flocculare and M. hyosynoviae, respectively, by the CFT performed in our laboratories. f All these immune sera did not cross-react with Mhyo antigens with molecular mass of 150, 130, 74, 70, and 30 kD by use of the WBI (data not shown).
We conclude that the WBI targeting Mhyo antigens from strain 232 with molecular mass of 150, 130, 74 and 70 kD is a useful confirmatory test for resolving discrepant serologic test results for Mhyo. True indirect ELISA positives should react with the 150-and 130-kD antigens, with or without reaction with the other 3 antigen bands. True blocking ELISA positives will react with the 74-and 70-kD antigens, with or without reaction with the other 3 antigen bands.
